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Abstract 
A 25 TPD post-combustion CO2 capture plant for brown coal and a 0.5TPD pre-combustion CO2 capture IGCC 
process have been designed and are being built in Victoria, Australia to assess developments in solvent absorption 
capture technologies. In this paper, the flowsheets developed for these processes will be discussed along with the 
underpinning research in the following areas: 
• New contact equipment – recent work has shown that the SMR packing has enhanced performance over 
structured packing and standard Pall rings. 
• The influence of promoters to enhance kinetics - using a wetted-wall column, experiments have been 
conducted with boric acid added to potassium carbonate solvent with results showing an enhancement in 
CO2 absorption rates. 
• The influence of flue gas impurities - post-combustion impurities, including SOx and NOx, have been 
studied with potassium carbonate to evaluate their effects on CO2 absorption. 
• Process modeling – ASPEN PlusTM simulations have been developed to predict column performance and 
the effects of impurities on the equilibrium relationship. 
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1. Introduction 
Removal of greenhouse gases from our atmosphere is vital in preventing the effects of climate change. The 
current technologies available for the separation of carbon dioxide from both pre- and post-combustion flue gases 
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are expensive, with capture representing up to 80% of the total cost of carbon capture and storage (CCS) [1]. 
Although there have been some promising results for CO2 capture using novel techniques involving membrane and 
adsorption technologies, solvent absorption is still the current technology of choice. However in order for this 
technology to be applied on a commercial scale the cost of capture needs to be reduced. Research being conducted 
by the solvent absorption research group at the CO2CRC in Australia is aimed at reducing both the capital and 
operating costs of capturing carbon dioxide from fossil fuel sources. 
 
Traditionally solvent absorption processes for acid gas removal have been operated with aqueous alkanolamines 
such as monoethanolamine (MEA) or diethanolamine (DEA). Although amine solvents are effective for removing 
CO2 from flue gas streams, they have some serious limitations. One of the biggest issues is corrosion resulting in the 
need for expensive materials of construction. MEA has a high theoretical absorption capacity for CO2 however it 
rarely achieves these levels in practice due to degradation problems. Most amine solvents like MEA will degrade at 
high temperatures as well as in the presence of oxygen leading to high solvent losses or expensive reclaiming 
equipment. MEA also reacts irreversibly with minor gas components such as SO2 and NOx, resulting in the 
formation of heat stable corrosive salts which also lead to solvent degradation and foaming problems. MEA has a 
high vapour pressure which leads to high solvent losses in both the absorber and stripper. Finally MEA has a high 
energy requirement for regenerating the solvent in the stripping column. For these reasons, a significant amount of 
research is being conducted to examine alternative solvents and processes with reduced energy consumption for 
solvent regeneration as well as methods that reduce or avoid solvent degradation. 
 
Many acid gas removal processes have been designed in the past using alkali salt solvents such as potassium 
carbonate (K2CO3). The first commercial hot potassium carbonate CO2 absorption plant was developed based on 
data produced by the Bureau of Mines in 1954 [2].  Potassium carbonate has a number of advantages over the 
alkanolamine based solvents with one of the most important being that absorption can occur at high temperatures 
making the regeneration process more efficient and economical. Potassium carbonate also has a low cost, is less 
toxic and is less prone to degradation effects that are commonly seen with MEA at high temperatures and in the 
presence of oxygen and other flue gas impurities. Potassium carbonate also has the potential to absorb CO2 as well 
as other polluting gases found in flue gases such as SOx and NOx. 
 
The biggest challenge associated with using potassium carbonate as a solvent is that it has a low rate of reaction 
resulting in poor mass transfer performance. Promoters are often added to the solvent to improve the mass transfer 
rates. Traditionally promoters such as piperazine [3], diethanolamine [4] and arsenic trioxide [5] have been used but 
these are known to be toxic and hazardous to the environment. A number of less-toxic promoters such as borate 
have been used in the past and are currently being investigated for today’s applications.  
 
This paper will present an overview of the solvent absorption research being conducted at the CO2CRC in 
Australia. The underlying aim of this research is to reduce both the capital and operating costs of carbon capture 
using potassium carbonate solvent absorption technologies. This has been achieved by improving the equipment 
efficiency through the use of novel random packing materials, by adding promoters to the solvent to improve the 
rate of CO2 mass transfer, and through efficient handling of flue gas impurities. All of these findings will be further 
tested in two power plant based CO2 capture trials; one for pre-combustion capture and one for post-combustion 
capture. 
2. Discussion 
2.1. New contact equipment 
Traditionally solvent absorption of CO2 is achieved using two packed columns, one for absorption and one for 
stripping. When optimising the operation of a packed column it is desirable to have high mass transfer rates while 
keeping a low pressure drop along the column. In this study equipment efficiency has been investigated in the 
laboratory by comparing the CO2 absorption performance of various column packing, including SMR (a novel 
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random packing), Pall rings (a commonly used random packing) and Mellapak (a structured packing). These 
experiments were completed using an un-promoted 30wt% potassium carbonate solvent. Absorption experiments 
were performed in a glass column of 0.074 m internal diameter at atmospheric pressure. The height of the packed 
bed was 0.9 m. A schematic diagram showing the experimental setup is shown in Figure 1. 
 
 
Figure 1. Laboratory scale absorption column setup (1 - solvent pump; 2 - oil bath; 3 - rotameter; 4 - absorber; 5 - 
sample point; 6 - cooling water ; 7 - condenser coil; 8 - rich solvent tank; 9 - lean solvent tank) 
 
Results have shown that the SMR packing can provide up to 20% and 30% higher mass transfer coefficients 
when compared to Mellapak and Pall Rings respectively. Thus the height of a packed column with SMR would be 
lower than that with Pall Rings or Mellapak. SMR packing also resulted in higher gas flooding velocities and lower 
pressure drops when compared to the other packing, especially at high liquid loads. These results can be explained 
due to the special geometric characteristics of the SMR packing which promote even wetting on the packing surface 
as well as recurrent turbulence resulting in relatively low pressure drop but sustained mass transfer rates. SMR 
packing also has a significant cost advantage over the structured packing Mellapak which is known to be 
significantly more expensive per unit volume than random packing [6]. 
 
2.2. Potassium carbonate solvent promoters 
There are a number of promoters that can be added to potassium carbonate solution in order to improve the 
kinetics of CO2 absorption [3]. Traditionally promoters such as arsenious acid and piperazine have been used but 
these are known to be toxic and hazardous to the environment. A number of less-toxic promoters such as borate are 
currently being investigated for today’s applications. A wetted-wall column has been designed and fabricated to 
investigate the effect of rate promoters. Absorption of CO2 for the post-combustion scenario in a wetted-wall 
column using 30wt% potassium carbonate solution has been measured. Results have shown that an increase in 
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temperature as well as the addition of boric acid will result in an increase in the overall mass transfer coefficient. 
This will result in improved column efficiency and hence reduced equipment costs. Table 1 shows the overall mass 
transfer coefficient for a range of solvents including potassium carbonate (un-promoted and promoted by boric acid 
and piperazine) and MEA [7]. From these results it can be seen that boric acid has the potential to improve the CO2 
absorption into a potassium carbonate solution. However further optimisation is required to reach the absorption 
performance seen with the amine based systems. 
 
 
 
Table 1. CO2 absorption rates in different solutions at 60°C 
 
Solution conditions 
 
k/g (Normalized flux) gmole cm-2s-1Pa-1 
 
1.8 M K2CO3 (P*CO2=500 Pa) a 
 
1.1 x 10-11 
 
1.8 M K2CO3 + 0.6 M PZ (P*CO2=500 Pa) a 
 
1.2 x 10-10 
 
7 M MEA (P*CO2=500 Pa) a 
 
1.6 x 10-10 
 
2.7 M  K2CO3 + 0.48 M H3BO3 (P*CO2=99 Pa) b 
 
5.35 x 10-11 
 
a Cullinane, J. T. and Rochelle G. T. Chem. Eng. Sci. 2004, 59, 3619-3630 
b This work 
 
 
2.3. Flue gas impurities 
Currently there is limited information available on the interaction between flue gas impurities and potassium 
carbonate solvent performance. Initial studies have shown that SOx and NOx (present in post-combustion flue gases) 
do influence the equilibrium curve with K2CO3, which will directly influence the efficiency of the CO2 absorption 
process. Dealing with flue gas impurities in the solvent often leads to increased operating costs due to the need for 
solvent replacement and expensive solvent reclaiming units. 
 
In power plants which contain high levels of flue gas impurities such as SOx and NOx, it is common to remove 
these components before combustion. These additional steps add extra capital and operating costs. Therefore there 
are obvious cost and environmental benefits in developing a one-step solvent absorption process that can be used for 
capturing CO2 and flue gas impurities such as SOx and NOx. Potassium carbonate is a potential solvent for this 
combined absorption process. The chemistry that governs SO2 and NOx absorption is very similar to that which 
takes place for CO2. The key difference is that the impurity gases, once bound, cannot be liberated under industrial 
conditions. The essentially irreversible nature of NO2 and SO2 absorption results in the steady accumulation of these 
impurities in the form of nitrates, nitrites, sulfates and sulfites. Left untreated, the operational efficiency of a CO2 
absorber continually declines. Refer to Figure 2 to see the effect of SO2 on the vapour-liquid equilibrium 
relationship during CO2 absorption. Upon addition of SO2 the carbon dioxide vapour pressure rises which is also 
indicated by the ASPEN Plus™ simulation. This indicates that SO2 will readily react with potassium carbonate and 
hence displace some of the CO2 gas.  
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Figure 2. Effect of SO2  (10.35 g/l equivalent sulphur) on the CO2/K2CO3 VLE plot at 100oC 
 
 
Our research is also focused on developing techniques for handling these impurities in a solvent absorption 
process. One option is selective precipitation of the impurity salts formed by SOx and NOx, with an emphasis at this 
stage on potassium sulfate (K2SO4) and potassium nitrate (KNO3). By using selective precipitation the unwanted 
salts can be removed without the co-precipitation and removal of the active species, K2CO3. To determine the 
feasibility of such a plan, the multi-component electrolyte system has been modelled using the Electrolyte NRTL 
thermodynamic model. A key feature is the ability to then use this framework alongside the ASPEN Plus™ 
simulation program to develop and optimize potential impurity removal strategies. Figure 3 represents the potassium 
carbonate-sulfate ternary solubility and shows that K2SO4 is insoluble at normal operating conditions using 30wt% 
K2CO3. Therefore, selective precipitation of K2SO4 from K2CO3 should be possible. 
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Figure 3. K2SO4–K2CO3–H2O ternary solubility limit for K2SO4 precipitation (symbols denote experimental values 
from source [8] and lines denote E-NRTL simulated values) 
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2.4. Pilot Plant Trials 
Results from these laboratory based studies have been important for the design and optimisation of the large scale 
solvent absorption columns that are being built for power plant based capture projects for both pre- and post-
combustion conditions.  
2.4.1. Pre-combustion capture pilot plant trial 
Gasification converts coal and other carbon based materials into carbon monoxide and hydrogen at high 
temperature by limiting the amount of oxygen present. The resulting syngas then undergoes combustion through a 
combined cycle. Pre-combustion carbon capture is the removal of carbon dioxide from the syngas before 
combustion; the high carbon dioxide partial pressure makes this an attractive capture scenario compared with post-
combustion capture. The purpose of these trials is to better understand the integration of carbon capture technologies 
with air blown brown coal gasification and will be undertaken at a pilot gasifier in Mulgrave, Victoria. The feed gas 
at approximately 7bar will be taken directly from the gasifier, without a water-shift reactor, and has a composition of 
approximately 11.5 mol% H2 and 12.9 % CO2. 
 
The design of the solvent absorption and stripping columns has been based on laboratory scale column trials and 
ASPEN Plus™ simulations. Each column has a diameter of 200 mm and a packing height of approximately 3.3 m. 
The columns will each be filled with SMR packing and 30wt% K2CO3 will be used as the solvent. Promoters that 
are less-toxic and environmentally friendly will also be added to the solvent to improve the absorption kinetics. 
Most commercial solvents used for CO2 capture operate at close to ambient temperatures during the absorption 
process, which would condense the water load of the syngas. However potassium carbonate can be operated at 
higher temperatures which will limit the water loss from the gas stream and reduce the overall cost of carbon capture 
from a brown coal IGCC gas stream. These trials will provide valuable information on the interaction between the 
solvent and impurities present in the syngas, including H2S, CH4 and CO.  
2.4.2. Post-combustion capture 
A post-combustion carbon capture trial has been designed for the removal of carbon dioxide from flue gases 
produced by combustion of brown coal in air. The purpose of these pilot scale trials is to understand the 
performance of various carbon capture technologies, including solvent absorption, with Australian brown coal flue 
gases. The trials will be conducted at International Power’s Hazelwood power station in Victoria’s Latrobe Valley.  
 
In post-combustion carbon capture, the flue gas is at atmospheric pressure and will contain N2, CO2, O2 and H2O 
as well as pollutants such as SOx, NOx and particulates. The absorption and stripping columns in this trial will 
capture up to 25 TPD of CO2.and have been designed based on a BASF solvent called PuraTreatTM F. Results 
obtained using this amino acid based solvent will later be compared to a trial completed using a hot potassium 
carbonate promoted solvent. The absorber column has a diameter of approximately 1.5m with two packed bed 
sections each of which will be 7m high. The stripper has a diameter of approximately 1.4m with two packed bed 
sections each of which will be 6m in height. The columns will be filled with Sulzer Nutter rings. The main aims of 
these trials will be to: 
• reduce the energy consumption for solvent regeneration and assess energy integration options for the power 
plant and capture processes 
• Control or avoid solvent degradation and corrosion 
• Understand the interaction between the solvent system and impurities present in the flue gas, including SOx 
and NOx 
• Review the technical and economic viability of the commercial use of post-combustion capture for existing 
and new Victorian brown-coal power stations 
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3. Conclusion 
The CO2CRC solvent absorption research group is developing carbon capture technologies using potassium 
carbonate as a solvent for use in capturing CO2 under Australian flue gas conditions. In order to improve the kinetics 
of potassium carbonate a number of less-toxic rate promoters are being investigated. A range of column packing 
internals have been studied in the laboratory with SMR shown to provide promising results in terms of both pressure 
drop and mass transfer performance. Laboratory based studies are also being completed to understand the 
interactions between typical flue gas impurities and potassium carbonate solvent. Finally, information gained from 
both the pre and post-combustions power plant CO2 capture trials will provide a better understanding of the process, 
chemistry, equipment and heat integration required to reduce the costs of carbon capture and make solvent 
absorption technologies more commercially viable. 
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